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Biomass Fuel Identification Based on Flame Spectroscopy and Feature Engineering
LI Xin-li', LI Yi-jiao', LU Gang?, YAN Yong'-2
(1. School of Control and Computer Engineering, North China Electric Power University, Changping District, Beijing 102206, China;
2. School of Engineering and Digital Arts, University of Kent, Kent CT2 7NT, UK)

ABSTRACT: Flame spectra contain useful information about
combustion and hence the spectral features of flame radicals
may be used to identify different biomass fuels. A technique for
biomass fuel identification is proposed based on the spectral
features of flame radicals, feature engineering and improved
support vector machine. The spectral intensity signals of
biomass and flame radicals (OH"(310.85nm),
CN*(390.00nm), CH"(430.57nm) and  C2"(515.23nm,

545.59nm)) were acquired using a spectrometer. Feature

flames

engineering was built, which can accurately reflect the
characteristics of sample category, through feature extraction,
feature selection based on Filter and feature learning based on
dictionary learning. The support vector machine is used to
build the identification model, where radial basis kernel
parameter y and error penalty factor C are optimized using an
improved grid search algorithm. Experimental results from a
laboratory-scale combustion rig show the effectiveness of the

proposed method for the identification of biomass fuel.

KEY WORDS: flame spectroscopy; flame radicals; biomass;
fuel identification; feature engineering; dictionary learning;

support vector machine
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Fig. 1 Schematic of biomass fuel identification system
based on flame spectroscopy and feature engineering

1.2 AYBRGEE

ASCEILER S WA feAE5E. R FhAE
VI RRL, d I VAL AT A, RS
VR AR BB T 408 JToR i Ok v,
Wk 1 s

x1 mOMEYRERER T TETRI N

Tab.1 Industrial and elemental analysis of four biomass fuels

- AHTEER(%) AR
AR - .
Ko RS Wy I 7 Bk C o H S N (kJ/kg)
FK 5.87 74.55 1.34 18.24 39.68 59. 62 <0.1 0.51 0.19 17622
HiA 9.70 69.93 3.22 17.14 44.67 49.24 533 0.56 0.20 18030
AR 7.87 70.23 421 17.69 43.03 49.52 5.56 0.51 137 17470
F Ak 10.18 58.66 17.58 13.58 32.17 63.18 3.97 0.43 0.26 15148
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Tab.2 Correlation coefficient matrix of 10 - dimensional features of OH* intensity

iz O %E M BME O RCKME RIEE R R B Wi E
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Fig.3 Contours of parameter selection.
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Best C 512 256 128
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